There exist several types of monopole -like topological defects in Electroweak theory. We investigate properties of these objects using lattice numerical methods. The intimate connection between them and the dynamics of the theory is established. We find that the density of Nambu monopoles cannot be predicted by the choice of the initial parameters of Electroweak theory and should be considered as the new external parameter of the theory. We also investigate the difference between the versions of Electroweak theory with the gauge groups SU (2) ⊗ U (1) and SU (2) ⊗ U (1)/Z 2 . We do not detect any difference at α ∼ 1 128 . However, such a difference appears in the unphysical region of large coupling constant α > 0.1.
. However, such a difference appears in the unphysical region of large coupling constant α > 0. 1. In both cases we use the following lattice variables: 1. The gauge field U = (U, θ), where U ∈ SU(2), e iθ ∈ U(1) realized as link variables. 2. A scalar doublet Φ α , α = 1, 2. The potential for the scalar field is considered in its simplest form in the London limit, i.e., in the limit of infinite bare Higgs mass. From the very beginning we fix the unitary gauge Φ 1 = √ γ, Tr U p cos θ p ) + 1 2
(1 − cos 2θ p )) + +γ xy (1 − Re(U 11 xy e iθxy )), where the plaquette variables are defined as U p = U xy U yz U * wz U * xw , and θ p = θ xy + θ yz − θ wz − θ xw for the plaquette composed of the vertices x, y, z, w. For the case of the conventional SU(2) × U(1) symmetric model we use the action (B) S g = β plaquettes ((1 −
2
Tr U p ) + 3(1 − cos θ p )) + +γ xy (1 − Re(U . Several points were checked using a lattice 24 4 . In general we found no significant difference between the mentioned lattice sizes. We perform the calculation of renormalized fine structure constant α R using the potential for infinitely heavy external fermions. We consider Wilson loops for the right-handed external leptons: W R lept (l) = Re Π (xy)∈l e 2iθxy . Here l denotes a closed contour on the lattice. We consider the following quantity constructed from the rectangular Wilson loop of size r × t: V(r) = lim t→∞ log
. Due to exchange by virtual photons at large enough distances we expect the appearance of the Coulomb interaction V(r) = − α R r + const. The worldlines of the quantum Nambu monopoles could be extracted from the field configurations as follows: , where L is the lattice size. In order to investigate the condensation of monopoles we use the percolation probability Π(A). It is the probability that two infinitely distant points are connected by a monopole cluster. We show Nambu monopole density and percolation probability as a function of γ along the line of constant renormalized α R = 1/128. It is clear that the percolation probability is the order parameter of the transition from the symmetric to the broken phase. We also measure the magnetic energy (both SU(2) and U (1)), which is carried by Nambu monopoles. The behavior of ∆S p shows that a quantum Nambu monopole may indeed be considered as a physical object.
In order to evaluate the mass of the Z-boson we use the zero -momentum correlator:
Here the summation x,ȳ is over the three "space" components of the four -vectors x and y while x 0 , y 0 denote their "time" components. L is the lattice length in the "time" direction. The physical scale is given in our lattice theory by the value of the Z-boson mass M , i.e. along the line of constant physics. We investigated the dependence of the ultraviolet cutoff Λ = a −1 = (91 GeV)/M Z on γ along the line of constant physics. It occurs that Λ is increasing slowly along this line with decreasing γ and achieves the value 430 ± 40 GeV at the transition point between the physical Higgs phase and the symmetric phase. According to our results this value does not depend on the lattice size. This means that the largest achievable value of the ultraviolet cutoff is equal to 430 ± 40 GeV if the potential for the Higgs field is considered in the London limit.
To conclude, we investigated lattice Electroweak theory numerically at realistic values of the coupling constants and for the infinite bare scalar field self coupling. We found that the two definitions of the theory (with the gauge groups SU(2) ⊗ U(1)/Z 2 and SU(2) ⊗ U(1), rescpectively) do not lead to different predictions at these values of the couplings. Our investigation of the line of constant physics allows us to draw the conclusion that the values of lattice spacings smaller than about (430 ± 40GeV) −1 cannot be achieved in principle for this choice of the potential for the Higgs field. The action density near the Nambu monopole worldlines is found to exceed the density averaged over the lattice in the physical region of the phase diagram. Their percolation probability is found to be an order parameter for the transition between the symmetric and broken phases.
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